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YAK 576.8.192.1 

nPOEJIEMbl 3BOJIIOIJHH H <DHJIOrEHHH KOKIJHAHH 
C 3HMEPHOH£HbIM H H30CII0P0H£HbIM THIIOM OOLtflCT 

© M. B. KpbijiOB, JI. M. EejiOBa 

PbocnoponuHOCTb oouhct — 6ojiee no3UHee 3BOJiiouHOHHoe npnoOpeTeHHe no cpaBHe- 
hhio c 3MMepnoMOTbiM THnoM CTpoeHHH oouhct. OuHHaKOBoe hhcjio cnopouHCT h cnopo- 
30 htob b oouHCTax, uByxcTBopnaToe CTpoeHne cnopouncT, reTepoKceHHbie >KH3HeHHbie 
UHKjibi h 3H,aoreHHaH cnopyjiflUHH y paaa rpynn kokuhuhh bo3hhkjih acHHxpoHHO h He3a- 
bhchmo. 3bojhouhh reHOB pnGocoMajibHOH PHK h rana CTpoeHMH oouhct npoTeKajia y pa3- 
HblX BHUOB H30Cn0p0HUHbIX KOKUHUHH C pa3HbIMH CKOpOCTHMH. 


KOKUHUHH C SHMepHOHUHblM 1 H H30Cn0p0HUHbIM 2 THnaMH OOUHCT KOJIHHeCT- 
BeHHO cocTaBJinioT Sojibiuyio uacTb opraHH3MOB, bxouhluhx b KJiacc Coccidea. 
H3yueHHe npOUeCCOB 3B0JII0UHH 3HMepHOHUHbIX H H30Cn0p0HUHbIX KOKUHUHH H 

onpeuejieHHe hx MecTa b chctcmc THna Sporozoa (=Apicomplexa pro parte) npeu- 
CTaBJineT He TOJibKo TeopeTHuecKHH HHTepec, ho Taioice oneHb BaxHO b cbjoh c 
6ojibiiiHM npaKTHHecKHM 3HaueHHeM 3 toh rpynnbi napa3HTOB. Kokuhuhh c 3HMe- 
pnoHUHbiM h H30cnopoHUHbiM THnoM oouhct napa3HTHpyiOT y Bcex rpynn xopuo- 
Bbix, BKJiKDHan HejiOBeKa. flocTaTOHHO Ha3BaTb TaKHe 3a6oneBaHHH xchbothmx h ue- 
JIOBeKa, KaK K0KUHUH03bI, CapK0Cn0pHUH03bI H T0KC0nJia3M03, HT06bI nOHHTb, Ha- 
CKOJibKO BaxHa 3Ta rpynna npocTeninnx b 3kohomhhcckom h counajibHOM 
OTHOUieHHHX. 

B HacToniuen pa6oTe Mbi nonbiTajincb H36excaTb HenpouyKTHBHoro npeHebpexe- 
HHH CJlOXHbIMH B3aHMOCBH3HMH MOKUy HHTepecytOLUeH HaC npoGjieMOH H o6luh- 
MH 3BOJTK)UHOHHbIMH 3aKOHOMepHOCTHMH, CymeCTByiOIUHMH B npnpOUe. >KhBOH 
opraHH3M — 3 to Han6ojiee ynopnuoneHHoe cocTOHHne OTKpbiTOH HepaBHOBecHOH, 
HaxoumueHCH b CTaunoHapHOM coctohhhh CHCTeMbi, ujih kotopoh xapaKTepHO 
CTpeMJieHHe K MHHHMaJIbHOMy npOH3BOUCTBy 3HTpOnHH. MoiUHblM aHTH3HTpO- 
nHHHbiM 4)aKTopoM HBJineTCH yc/ioxcHeHHe opraHH3auHH, cjieuoBaTejibHO, ycjioxc- 
HeHne opraHH3MOB b npouecce 3 bojhouhh onpeuejineTcn 3aKOHaMH TepMOUHHaMH- 
kh HepaBHOBecHbix npoueccoB (KpbuiOB, JIh6chcoh, 2002; Krylov, Libenson, 
2002). B 3BOjnouHOHHbix npoueccax xchboh h hcxchboh MaTepnn npocjiexcHBaeTcn 
o6man 3aKOHOMepHOCTb: cjioxcHbiM (J)opMaM npeumecTByiOT MeHee cjioxcHbie. 3 bo- 
jiiouhh ocymecTBJiHeTCH no «3CTac^eTHOMy» npHHunny. Flpn otom nonBJieHne 
CXOUHbIX HJIH OUHHaKOBbIX (J)OpM MBTepHH, B TOM HHCJie H XCHBOH, npOHCXOUHT BC3- 
ue, rue hmciotch ounHaKOBbie hjih 6jiH3Kne «pa3pemaioiUHe» ycjiOBHH. 

1 K 3HMepHOHHHbIM KOKUHUHflM OTHOCflT KOKUHUHH, B OOUHCTe KOTOpbIX (JjOpMHpyiOTCfl no 4 CnO- 
pouwcTbi, b Ka)KaoH H3 KOTopbix no 2 cnopo30HTa. 

2 K H30cnopouabiM kokuhuhhm othocht kokuhuhh, b oouwcie KOTopbix 4>opMHpyioTca no 2 cno- 
pOUHCTbl, B Ka^KHOH H3 KOTOpbIX COHep;>KHTCfl no 4 Cnop030HTa. 
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B CBeie 3thx npe^CTaBjreHMH Mbi nonbrraeMCH o6cyuHTb npo6jreMy o He3aBHCH- 
MOM H aCMHXpOHHOM ITOHBJTeHHH OJTHHaKOBblX npH3HaKOB y pa3HbIX rpynn kokuh- 
jx mm h OTBeTHTb b tom Hncjre Ha Bonpocbi, noHBHjiHCb paHbiue oouncTbi hjth cnopo- 
UHCTbl, 3HMepHOHflHbie HJTH H30Cn0p0H£Hbie KOKUHJTHH. 

PE3yJlbTATbl H OBOQKflEHME 

McCJiejTOBaHHH yjlbTpaTOHKOH OpraHH3aUHH npeCHOBOJTHblX H MOpCKHX XH1U- 
Hbix xcryraKOHOCueB Colpodellida (=Spiromonadida) noKa3ajrn, mo ruiaH CTpoe- 
HHH 3THX OpraHH3MOB ITOJIHOCTbK) COOTBCTCTByeT njiaHy CTpoeHHH Sporozoa (Kpbl- 
jiob, MbuibHHKOB, 1986; MbuibHHKOB h jxp., 2000). 3to nocjiyxcHJio ocHOBaHneM 
jtjth npejinojioxceHHH o tom, hto y Colpodellida h Sporozoa 6buiH o6mne npejiKH. 
CBo6ojiHOxcHByinHe npejiKH KOJinojrejuiH/T, nona/ran c bojtoh b opraHH3M mhoto- 
KJieTOHHblX XCHBOTHbIX, BTaKOBajlH KJieTKH HX ITHmeBapHTejIbHOTO TpaKTa. Bee 60- 
Jiee h 6ojiee nrySoKan ajianTaunn k opraHH3My xo3HHHa 3aBepmHJiacb nepexouoM 
3THX OpraHH3MOB K BHyTpHKJieTOHHOMy napa3HTH3My. B XCH3HeHHOM UHKJie 
Colpodellida ecTb CTaunn, HanoMHHaiomHe oouhcth. 3th o6pa30BaHHH moxcho 
paccMaTp h BaTb KaK CTajiHH, npejiiiiecTByioiixHe oouncTaM hjih KaK npnMHTHBHbie 
oouncTbi. riepeji (JjopMHpoBaHneM uhct (oouhct) oco6b TepneT nouBHXCHOCTb, 
oceuaeT Hajuro, b uHTonjra3Me noHBjTHioTCH KpynHbie CBeTonpejroMjTHioTUHe rpaHy- 
Jibi, coKpaTHTejibHan BaKyojib nepecTaeT (JjyHKUHOHnpoBaTb, h KJieTKa Kojrnouejr- 
jiHjibi noKpbiBaeTCH uhcthoh oGojtohkoh. B pe3yjibTaTe uhctotomhh b uhctc (J)op- 
MnpyeTCH jx Be hjth nerape oco6h. 3Ta ctbahh b xch3hchhom unicne Colpodellida He 
cojrepxcHT cnopouHCT h Mopc|)OJTorHHecKH HanoMHHaeT oouncTbi Gregarinidea. Y 
6ojTbTiiHHCTBa npeucTaBHTejreH Gregarinidea oouhctm Taioxe He couepxcaT cnopo- 
Uhct. BnepBbie cnopouncTbi o6HapyxcHBaiOTCH y HeKOTopbix npeucTaBHTejreH ot- 
pnua Neogregarinida, HBjTHiomerocH (J)HjroreHeTHHecKHM mocthkom Mexcuy rpera- 
pHHaMH h kokuhjthhmh (Larsson, 1991). 3aTeM cnopouHCTbi hohbjthiotch b oouh- 
CTax npHMHTHBHbix Coccidea H3 OTpnjra Protococcidiida ceM. Grellidae, 
napa3HTHpyioLUHX y aHHejurua h nojrnxeT h y mhothx sbojhouhohho npouBHHyTbix 
npejTCTaBHTejreH Kjracca Coccidea. CjrejroBaTejTbHO, noHBjreHne cnopouncT b oouh- 
CTax moxcho paccMaTpHBaTb KaK 6ojree no3£Hee no cpaBHeHHio c oouncTaMH 3bo- 
jnouHOHHoe npno6peTeHHe. Bcerjra jth moxcho CHHTaTb OTcyrcTBHe cnopouncT b 
oouHCTax y kokuhjthh aHuecTpajrbHbiM npH3HaKOM? ,ZI,jth kokuhjthh pouob 
Gemmocytis (xo3HeBa KHHjrapHH), Spirocystis (xo3neBa ojrnroxeTbi), Selysina (xo3ne- 
Ba acuHjiHH) h Pfeifferinella (xo3HeBa npHanyjTHjibi h racTponoubi) Ha 3tot Bonpoc, 
CKopee Bcero, moxcho OTBeTHTb nojroxcHTejTbHO. OTcyTCTBne cnopouncT b oouncTax 
y pojtob Lankesterella, Schelackia moxcho 06'bHCHHTb btophhhoh yTpaTOH hx npn 
nepexoue k KpOBenapa3HTH3My. OcTaeTcn HencHbiM nponcxoxaeHHe 6eccnopo- 
UHCTHbix oouhct y Cryptosporidium w Tyzzeria, bo3moxcho, TaKoe CTpoeHne oouhct 
y npejrcTaBHTejieH 3thx pojtob bo3hhkjto He3aBHCHMO h b pa3Hoe BpeMH. AHajTH3, 
BbinojTHeHHbiH Ha ocHOBe pe3yjTbTaTOB CHKBeHca reHOB Majron cy6T>ejTHHHUbi pn- 
6ocoMajibHOH PHK, noKa3ajr, hto npe/TCTaBHTejTH pojra Cryptosporidium (JjHjroreHe- 
THHecKH 6jTHXce k Gregarinidea, neM k Coccidea (Carreno e. a., 1999). 

Ha ocHOBe aHajiH3a BCTpenaeMOCTH kokuhjthh y pa3jTHHHbix cncTeMaTHHecKHx 
rpynn xo3neB moxcho nojrynHTb KOCBeHHbie jraHHbie 06 onepejTHOCTH noHBjreHHH 
Tex hjth MHbix rpynn napa3HTOB b hctophh 3cmjth. FlepBoe, hto 6 pocaeTCH b rjra3a 
npn paccMOTpeHHH pacnpocTpaHeHHH H3ynaeMbix rpynn kokuhjthh b uapcTBe xch- 
BOTHbix, 3to to, hto H30cnopoH£Hbie kokuhjxhh He odHapyxceHbi y Arthropoda n 
HaHueHbi b oneHb He 6 ojrbmoM KOjTHnecTBe y Mollusca h Pisces (Ta 6 jr. 1). 3th rpyn- 
nbi xo3neB oneHb 6 ora™ b KanecTBeHHOM h KOJTHHecTBeHHOM oraomeHHHX, n y hhx 
MOXCHO 6 bIJTO OXCHUaTb HajTMHHe 60 JTbTU 0 r 0 HHCJTa BHUOB H30Cn0p0MUHbIX KOKUM- 
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Ta6jiHua 1 

PacnpocTpaHeHHe 3HMepHOH^Hbix n H30cnopoH^Hbix KOKiiHaHH no 
pa3JiH4HbiM cncTeMaTH4ecKHM rpynnaM xo3aeB 


Table 1. The spreading of eimerioran and isosporan types of 
coccidia on various systematic groups of the hosts 


Xo3JieBa 

KOJIHHeCTBO BHaOB KOKUHaHH 

cHdeMaTHHecKoe 

KOJIHHeCTBO BHAOB 

3HMepHOHiIHbie 

H3ocnopoHaHbie 

noJioxceHHe 




Arthropoda 

>10 6 

6 

0 

Mollusca 

110000 

0 

1 

Pisces 

25000 

246 

2 

Amphibia 

2500 

43 

13 

Reptilia 

8600 

227 

99 

Aves 

8590 

182 

143 

Mammalia 

4000 

805 

88 


Bcero 

1509 

346 


A hh, oziHaKO 3 to He TaK. BnepBbie 3HaHHTejibHoe hhcjio bujxob (13) H30cnopomt- 
Hbix kokuh^hh o6HapyacHBaeTcn y Amphibia. 3aTeM 3 tot noKa3aTejib HapacraeT y 
Reptilia (99) h ^ocTnraeT MaKCHMyMa y Aves (143). 3 to o6cTOHTejibCTBO no3BOJineT 
npezmojioacHTb, hto nepBbiMH xo3neBaMH H30cnopowztHbix kokuh/ihh 6buiH 
Amphibia, Reptilia h Aves. HaH6ojiee 6jiaronpHHTHbie ycjiOBHH £jih pa3BHTHH H30- 
cnopoH/tHbix kokuh^hh OKa3ajiHCb y Aves, h Mbi Haxo^HM y hhx caMyio 6oraTyio 
4)ayHy H30cnopon/iHbix kokuh^hh. MjieKonHTaiomHe MoryT paccMaTpnBaTbcn KaK 
3BOJHOUHOHHO MOJio/taH rpynna xcmeB, 3acejieHne kotopoh H30cnopon/iHbiMH 
kokuh^hhmh ziajieKO eme He 3aBepmeHO. 

KaK o6ctoht ^ejio c 3 thmh noKa3aTejiHMH y kokuh^hh SHMepnon/iHoro THna? 
Kokuh^hh 3HMepHOH£Horo rana TaK ace, KaK h kokuh^hh H30cnopon£Horo THna, 
pe^KO BCTpenaioTCH y Arthropoda (6) h He HaimeHbi y Mollusca (0). 0/maKO $ayHa 
3HMepnoH^Hbix kokuhxihh y Pisces (246) OKa3ajiacb 3HanHTejibHO 6orane TaKOBOH 
kokuh^hh H30cnopommoro rana (2), h 3to no3BOJtneT npe^nojioxcHTb, hto kokuh- 
#hh 3HMepnoH£Horo THna noHBHJincb paHbme kokuhahh H30cnopon#Horo THna. 
HeKOTopbie rpynnbi xopziOBbix OKa3ajmcb Han6ojiee nozixomimHMH jinn 3ace;ieHHfl 
HX 3HMepHOH£HbIMH KOKUH^HHMH, H B HaCTOfllljee BpeMfl Mbi perHCTpHpyeM y HHX 
caMyio 6oraTyio 4)ayHy SHMepnonziHbix kokuh^hh. TaK, y Reptilia OTMeneHO 227 
bhjxob, y Aves — 182 h y Mammalia — 805 bujxob kokuhzihh 3HMepHonziHoro 
rana. 

npoBe/teHHbiH aHajiH 3 no 3 BOJineT KOHCTarapoBaTb #Ba (j)aKTa. 1. OayHa kokuh- 
#hh 3 HMepnoH^Horo THna b xopziOBbix (1509 bujxob) 3 HanHTejibHO 6 orane (j^ayHbi 
kokuh^hh H 30 cnopoHziHoro THna b Tex ace xo 3 neBax (346 bhziob). 2. Kokuh^hh 3h- 
MepnoH^Horo rana mnpoKO pacnpocTpaHeHbi y 3bojik>uhohho 6 ojiee zipeBHHx xo- 
3 HeB, HeM KOKLtHZlHH H 30 Cn 0 p 0 H£H 0 T 0 THna. 

CncTeMaTHKa kokuhzihh c caMoro Hanajia hx H3yneHHH 6a3npoBa;iacb Ha cpaB- 
HHTejIbHO-MOp4)O^OrHHeCKOM MQTOAQ, npH 3TOM B OCHOBHOM HCn0JIb30BajIHCb 3K- 
3oreHHbie paccejiHTejibHbie ctb^hh — oouhctw. BnepBbie kokuhzihh (Eimeria 
stidai) 6buin onncaHbi eme b 1674 r. JleBeHryKOM no oouncTaM. Oouhctm miHTejib- 
Hoe BpeMH (y HeKOTopbix bh^ob kokuh^hh #o ro^a) coxpaHHiOTC h npaKranecKH 6e3 
H3MeHeHHH h no3TOMy oneHb y^o6Hbi ju in uejien cnereMaTHKH. flo HeziaBHero Bpe- 
MeHH (Levine, 1985) npn cocTaBJieHHH £HarH03a ju m poziOB kokuhzihh ncnojib30- 
Bajincb npezuioaceHHbie eme Jleace (Leger, 1911), a 3aTeM ycoBepmeHCTBOBaHHbie 
fopoM (Hoare, 1933) onpe^ejiHTejibHbie Ta6jinubi, b KOTopbix ochobhwmh miarHO- 
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CTHHeCKHMH IIpH3HaKaMH CJiyXCMJIM pa3JIMHMfl B HMCJie CnOpOUMCT B OOUMCTe M HMC¬ 
Jie cnopo30MTOB b cnopouHCTe. 3aieM jxj in CMCTeMaTMHecKMx uejiew crajiM Mcnojib- 
30BaTb pa3J!MHHbie M0p(J)0J10rHHeCKHe 0 C 06 eHH 0 CTH CTpOeHMfl ooumct, cnopouMCT, 
Cn0p030MT0B, XCM3HeHHbie UMKJIbl M, HaKOHeU, ^aHHbie MOJieKyJIHpHOH 6MOJIOTMM. 
K HacTonmeMy BpeMeHH HaKonHjiocb MHoro (JjaicroB, yKa3biBaiomMx Ha nonBJieHMe 
o^HHaKOBbix npH3HaKOB y pa3Hbix, HHOiTia uajieKO otctohlumx b CMCTeMaTMHecKOM 
OTHOuieHHH, rpynn kokumumm. PaccMOTpnM HeKOTopbie M3 hhx. 

O^HHaKOBOe HMCJIO cnopouMCT B OOUMCTe M CII0P030HT0B B 
CnopouHCTe. OjXMHaKOBOe HMCJIO cnopouMCT B OOUMCTe M Cnop030MTOB B cno- 
pouMde BdpeqaeTCH y kokumumm, othochlumxch He TOJibKO k pa3JiMHHbiM pouaM, 
ho uaxce ceMencTBaM (Ta6ji. 2). TaK, y kokumumm pouob Pfeifferinella, Schellackia m 
Tyzzeria, othochlumxch k pa3HbiM ceMeMCTBaM, b oouncTe HaxouMTCH 8 cnopo30M- 
tob h HeT cnopouMCT. ^Be cnopouMCTbi, b KaxcuoM M3 KOTopbix couepxtMTcn no 4 
cnopo30MTa, mmcjotch b oouMCTax y npeucraBMTejieM pouoB Isospora, Hyaloklossia, 
Elleipsisoma, Sarcocystis, Frenkelia, Arthrocystis, Toxoplasma, Besnoitia, Hammondia, 
Cystoisospora, Neospora. 4 cnopouMCTbi, Kaxcuan M3 KOTopbix couepxtMT no 2 cnopo- 
30MTa, o6HapyxceHbi y npeucraBMTejieM pouoB Eimeria , Epieimeria, Goussia, 
Crystallospora m Calyptospora. Y 6ojibiiiMHCTBa kokumumm, mmciolumx o^MHaKOBbiM 
Ha6op cnopouMCT M Cnop030MTOB B OOUMCTe, xopoilio npOC^eXCMBaeTCH o6lUHOCTb 
npOMCXOXCUeHMH, M 3TMM MOXteT 6bITb 06 bflCHCH 0 MX CXOUCTBO nO paCCMaTpMBae- 
MOMy npM3HaKy. K tbkmm rpynnaM kokumumm b nepByio onepeub othochtch poubi 
M3 ceM. Eimeriidae m Sarcocystidae. 

Tabjinua 2 

Hmcjio cnopouMCT b oouMCTe m hmcjio cnopo30HTOB b cnopouHCTe y pa3JiMHHbix rpynn kokumjihh ot- 

paaa Coccidiida 

Table 2. The number of sporocysts in oocyst and the number of sporozoits in sporocyst in various 

groups of coccidia in order Coccidiida 


CncTeMaTHHecKoe nojioxeHHe Kojihhcctbo 


KOKUHJIHH 

xo35ieBa 

cnopouMCT B OOUHCTe 

| 

CII0P030HT0B B CIIO- 

pouncTe 

Pfeifferinellidae 

Pfeifferinella 

Mojuiiockm 

0 

8 

Lankesterellidae 

Schellackia 

PenTMJiHH 

0 

8 

Eimeriidae 

Tyzzeria 

Il03B0H0HHbie 

0 

8 


Eimeria 

» 

4 

2 


Crystallospora 

Pbi6bi 

4 

2 


Epieimeria 

» 

4 

2 


Goussia 

» 

4 

2 


Isospora 

IT03B0H0HHbie 

2 

4 

Hyaloklossidae 

Hyaloklossia 

Am4)h6hh 

2 

4 

Elleipsisomatidae 

Elleipsisoma 

MjieKonHTaiomHe 

2 

4 

Sarcocystidae 

Sarcocystis 

» 

2 

4 


Frenkelia 

» 

2 

4 


Arthrocystis 

IlTHUbl 

2 

4 


Toxoplasma 

MjieKonHTaKDuxHe, 

nraubi 

2 

4 


Besnoitia 

MjieKonHTaiomHe 

2 

4 


Neospora 

» 

2 

4 


Hammondia 

» 

2 

4 


Cystoisospora 

» 

2 

4 

Calyptosporidae 

Calyptospora 

Pbi6bi 

4 

2 
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Ta6jiMua 3 

ZlByxcTBopHaToe CTpoeHne ctchkh cnopouMCT y pa3JiHHHbix rpynn kokuh^hh 
T able 3. The bivalvular construction of sporocysts’ wall in various coccidia groups 


CucTeMaTMHecKoe nojio)KeHHe kokuhjihh 

XcmeBa 

oipaa 

ceMencTBo 

poa 

Protococcidiida 

Grellidae 

Coelotropha 

Defretinella 

llOJIHXeTbl 

» 

Coccidiida 

Aggregatidae 

Eimeriidae 

Aggregata 

Goussia 

Crystallospora 

Barrouxia 

Cyclospora 

Mojijiiockh 

Pbi6bi 

» 

Eecno3BOHOHHbie 

Eecno3BOHOHHbie 

h MJieKonnTaioutHe 


He npocjiexHBaeTCfl 6jim3kmx (|)MjioreHeTM4ecKMx OTHouieHMM Mexcay kokum- 
jx HAMM H3 ceM. Eimeriidae h Sarcocystidae, c ouhom CTopoHbi, m kokumumamm m3 po- 
ua Elleipsisoma — c upyrofi. HeuaBHo po jx Elleipsisoma BbmejiMjiM b oxaejibHoe ceM. 
Elleipsisomatidae (Frank e. a., 2002). HeT 6jim3kmx (|)MjioreHeTM4ecKMX OTHomeHMM 
MtyKjxy kokumumhmm pojtoB Pfeiffermella, Schellackia m Tyzzeria , y KOTopbix b ooumctc 
MMeeTCH OZIMHaKOBOe 4MCJIO Cn0p030MT0B — 8. TaKMM 06pa30M, CXOUCTBO B MMCJie 
cnopouMCT h cnopo30MTOB b oouMCTax y ouhmx rpynn kokumumm moxcct 6biTb o6y- 
cjiOBJieHo 6jih3khm poacTBOM, a y upyrax, no-BMUMMOMy, bo3hmkjio He3aBMCMMo. 

OcodeHHOCTH CTpoeHUH CTeHKM CnopouMCT. ^ByXCTBOpHaTOe 
CTpoeHne CTeHKM cnopouMCT odHapyxceHo y kokumumm, othoc4iumxc4 k pa3jiM4- 
hwm poaaM, ceMencTBaM m jx axce OTpnaaM (Ta6ji. 3). Tax, HanpMMep, aByxcTBOpHa- 
Tbie cnopouncTbi BCTpe4aiOTca y npeacTaBMTejien pouoB Coelotropha m Defretinella , 
OTHOcamHxcfl k OTpauy Protococcidiida, m y npeacTaBMTejien pouoB Aggregata, 
Goussia, Crystallospora, Barrouxia, Cyclospora , othoc4lu,mxc4 k ojpmy Coccidiida. 
3tm 4>aKTbi no3BOjiHK)T npeanojioxcMTb He3aBMCMMoe npnodpeTeHMe uByxcTBop4a- 
Tbix ooumct pa3JiMHHbiMM rpynnaMM kokumumm. 

npoMCXoxcxieHMe reTepoKceHHbix >KM3HeHHbix umkjiob. TeTepo- 
KceHHbie >KM3HeHHbie UMKJibi cymecTByioT y kokumumm, othochiumxch k pa3HbiM 
pouaM m u axce ceMencTBaM (Ta6ji. 4). CraHOBjieHMe reTepoKceHHocTM y pa3JiM4Hbix 
rpynn kokumumm KJiacca Coccidea paccMOTpeHo HaMH paHee (KpbmoB, 1992), m 
Mbi He 6yaeM obcyxcuaTb 3uecb 3Ty npobjieMy noupodHo. YKaxceM jinuib Ha to, hto 
nepBMHHbie xo3aeBa reTepoKceHHbix kokumumm othochtch k pa3HbiM, uajieKo ot- 
ctohiumm b TaKCOHOMMHecKOM OTHouieHMM rpynnaM: Mollusca, Actinopterygii, 
Amphibia, Reptilia, Aves, Mammalia. 3tot (J>aKT no3BOJiaeT npeunojioxMTb He3a- 
BMCMMoe m acMHxpoHHoe B03HHKH0BeHne reTepoKceHHocTM y pa3JiM4Hbix rpynn 
KOKUM^MM. 

Hanbojibrnee 4mcjio reTepoKceHHbix >KM3HeHHbix umkjiob obHapyxceHO y M30- 
cnopoMUHbix kokumumm (Cystoispora felis , Bee bm jxli ceM. Sarcocystidae, 1 
Elleipsisoma thomsoni). Y OMMepMOMUHbix kokumumm reTepoKceHHbiM xcM3HeHHbiM 
Umkji obHapyxceH JiMmb y ojmoro BMjta — Calyptospora funduli. M30cnopoMUHbie kok- 
UMUMM 3BOJHOUMOHHO 60Jiee MOJIOUbie no CpaBHeHMK) C 3MMepMOMUHbIMM KOKUM- 
UM4MM, M Mbi BMUMM, 4T0 MX XCM3HeHHbie UMKJibi B CBOeM 60JIbmMHCTBe CJlOXCHee 
XCM3HeHHbIX UMKJIOB OMMepMOMUHbIX KOKUMUMM. 3 tM Ha6jIK)UCHM4 nOJIHOCTbK) 
COBnauaiOT C npeUCTaBJieHMHMM 06 o6iUMX 3BOJIK)UMOHHbIX 3aKOHOMepHOCT4X! 
cjioxcHbiM (JjopMaM npeumecTByioT MeHee cjioxcHbie. 


1 3a HCKJiioHeHHeM Isospora suis. 
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Ta6jinua 4 

reiepoKceHHbie xcH3HeHHbie uhkjim y pa3JiHHHbix rpynn kokuh^hh 
Table 4. The heteroxenous life cycles in various coccidia groups 


CucTeMaTHHecKoe nojioxceHwe KOKuwanH 

nepBHMHbie xo3aeBa 



ceMeucTBo 

poa 


Aggregatidae 

Aggregata 

Mollusca 

Lankesterellidae 

Lankesterella 

Amphibia 


Schellackia 

Reptilia 


Arthrocystis 

Aves 


Sarcocystis 

Mammalia 


Frenkelia 

» 

Sarcocystidae 

Toxoplasma 

» 


Besnoitia 

» 


Hammondia 

» 


Neospora 

» 

Calyptosporidae 

Calyptospora 

Actinopterygii 


3H£oreHHaa cnopyjiauHH (Ta6ji. 5). 3 tot npn3HaK HHoraa ncno;ib3yeTCfl 
Ann TaKCOHOMMHecKMX uejien. O^HaKo BCTpenaeMOCTb 3H£oreHHon cnopyjinuHH y 
^ajieKO otctohiuhx CHCTeMaTHHecKnx rpynn kokuh^hh, bxcwhuhx b ceM. 
Dobellidae, Aggregatidae, Caryotrophidae, Eimeriidae n Sarcocystidae, 3acTaBJineT 

npe^nOJIOXCHTb, HTO 3Ta 0(X)6eHH0CTb B03HHKJia y KOKlXnAnH, OTHOCflmHXCfl K 
pa3HbiM ceMencTBaM, He3aBHCHMO. 

HTaK, MbI BH^HM, HTO pH# O^HHaKOBblX MOp(j)OJIOrHHeCKHX npH3HaKOB H 6 hOJIO- 
raHecKHX ocoSeHHOCTen ccj)opMHpoBajicfl y HeKOTopbix rpynn kokuh^hh He3aBncn- 
mo, n 3 to b paae cjiynaeB 3aTpy^HHeT ncnojib30BaHHe nx c uejibio cncieMaTHKH. 

MojieKyjiHpHO-6nojiorHHecKHH MeTO£. C cepezmHbi 20-ro ctojicthh b 
cncTeMaTHKe Bee rnnpe n uinpe Hcnojib3yiOTCH Mera^bi MOJieKyjinpHOH SnojiorHH. 
PeKOHCTpyKunio (J)njioreHMH pa3Hbix rpynn opraHH3MOB CTajin npoBO^HTb Ha oc- 
HOBe aHajiM3a aMHHOKncjiOTHbix nocjie^oBaTejibHOCTen 6 cjikob n HymieoTH^Hbix 
nocjie^oBaTejibHOCTen PHK m^HK. llpHMeHeHHe 3BM no3BOJinjio o6pa6aTbiBaTb 
KOJioccajibHoe KOJinnecTBO MH(J)opMauHH, 3aKjnoHaiomeHCH b .zuinHHbix nocjie^o- 
BaTejibHOCTHx 6nonojiHMepoB. B HacTonmee BpeMH b reHOMax pa3JiHHHbix opraHH3- 
mob paciiiM^poBaHbi (cHKBneHMpoBaHbi) ynacTKH JJHK, cozjepxamne MHorne Tbi- 
chhm HyKJieoTH^OB. Exero/iHO CBe^eHMH o HyKJieoTM^Hbix nocjie/ioBaTejibHOCTHX b 
reHOMax pa3JIHHHbIX OpraHM3MOB nonOJIHHIOTCfl Bee HOBbIMM M HOBbIMM ^aHHblMH. 


Ta6jiHua 5 

3HAoreHHan cnopyjiHunn y pa3JiHMHbix rpynn kokuhahh 
Table 5. The endogenous sporulation in various coccidia groups 


CeMeftcTBo 

Poa 

CeMeucTBO 

Poa 

Dobellidae 

Dobellia 

Eimeriidae 

Eimeria , y uacTH 

Aggegatidae 

Aggregata 


Isospora, y Haem 


Merocystis 


Goussia 

Caryotrophidae 

Caryotropha 


Ovivora 


Dorisiella 

Sarcocystidae 

Sarcocystis 

Frenkelia 

Arthrocystis 
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Perkinsus marinus 


Crypthecodinium cohnii 


Cryptosporidium parvum 


Cryptosporidium muris 

Sarcocystis sp. 


Sarcocystis neurona 

I- Sarcocystis arieticanis 

‘— Sarcocystis tenella 

- Sarcocystis gigantea 

- Sarcocystis fusiformis 

Isospora felis 
■ Isospora suis 
Isospora belli 
Toxoplasma gondii 
Neospora caninum 

Lankesterella minima 


Lrt 


50 Steps 


— Caryospora bigenetica 
Isospora robini 
J — Isospora gryphoni 
-Eimeria bovis 
Eimeria nieschulzi 
Eimeria falciformis 
Cyclospora sp. 
Eimeria mitis 
Eimeria tenella 
Eimeria necatrix 



OmiorpaMMa, OTpaacaiomaa (JwjioreHeTHHecKHe oTHoiueHHH Me*ay kokluwhhmh (no: Carreno, Barta, 

1999). 

Phylogram depicting the phylogenetic relationships of coccidian parasites (after: Carreno, Barta, 1999). 


Ha ocHOBe CHKBeHca reHa Majioft cy6i>eflHHHixbi PHK 6hjio noKa3aHo, hto Isospora 
belli, I. felis, I. suis, I. ohioensis H3 MJieKonmaioinHx aojDKHbi 6biTb noMemeHbi b 
ceM. Sarcocystidae, a I. robini h I. gryphoni H3 nrau ttoJixHbi HaxottHTca b ceM. 
Eimeriidae (Carreno e. a., 1998; Carreno, Barta, 1999) (cm. pncyHOK). B KanecTBe 
AonojiHHTejibHbix apryMeHTOB b noJib3y stoh tohkh apeiiMH npuBO/iHTCH mop<J)ojio- 
ruMecKne aamibie. B cnopomicTax I. robini h /. gryphoni b ouinane ot cnopouncT I. 
belli, I. felis, I. suis, I. ohioensis hmciotch LUTnaoBCKne TCJibua. Ka3aaocb 6bi, hto 
3th MopcpoaoniMecKHe pa3.anmiH nottTBepxcuaiOT MOJieKyjnipiibie aaHHbie, o/niaKO 
y KOKLUizuiii pona Cyclospora, KOTopbie Ha ocHOBaHHH MOJieKVJiapHbix aamibix TaK 
xe. KaK I. robini h I. Gryphoni, noMemeHbi b ceM. Eimeriidae (Carreno, Barta, 
1999), luth^obckhx Tejieu HeT. HeT llith,hobckhx Tejieu h y MHornx rtpyrax kokuh- 
flHit H3 pojiOB Goussia, Barrouxia, Defretinella, Calyptospora, a TaKxe y Isospora 
cannabinae H3 nrau (Gottschalk, 1972), ttaaeKO otctohluhx #pyr ot ttpyra cncreMa- 
THHeCKH. CjiettOBaTeJIbHO, M0p(j)0J10rHHeCKHe pa3JIHHHfl, Ha OCHOBe KOTOpbIX H30- 
cnopbi H3 nTHir h MJieKonHTaioinnx moxcho 6biJio 6bi noMecTHTb b pa3Hbie ceMeitCT- 
Ba, HeztocTaTOHHO na/iexubi b TaKconoMH i iecKOM njiaHe. TaKHM o6pa30M, 3/iecb 
oSHapyxHBaeTca napaztoKC Mexzty MOJieKyjiapHbiMH h Mop<J)OJiorHHecKHMH aaH- 
HblMH. 

KaK o6T>acHHTb npoTHBopenne Mexcuy cpaBHHTejibHo-MopcfjojiorHHecKHMH 
ttaHHblMH H flaHHbIMH MOJieKyjlflpHOH SHOtlOTHH? 

riocTpoeHne (jmjioreHHH no reHeranecKHM npH3H3KaM ocHOBaHO Ha npeano- 
noxeHHH o tom, HTo reHeTHaecKoe cxoactbo oipaxaeT cxoactbo (JmjioreHeTHne- 
cKoe. TaKoe npeanoaoxemie Kaxeica aornaiibiM. o/niaKO pa3.au mhh b ckopocth 
reHeTHHeCKHX H M0p<J>0JI0rH4eCKHX H3MCHeHHH B pa3JlH4HbIX BeTBJIX <J)HaOreHeTH- 
necKoro apeBa Moryr oiyxHTb HCT04HMKaMH HecoBnatteHHH (JmjioreHHH, nocrpo- 
eHHbix pa3HbiMH MeTOflaMH. 6ojiee Toro, pa3JiH4Hbie ynacTKH oahoto h toto xce re- 
Ha MOryT 3BOJHOUHOHHpOBaTb C p33Hb!MH CKOpOCTHMH. TaK, B 3K30H8X, C OflHOH 
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CTOpOHbl, H B MHTpOHaX H UpyTHX HeKOUHpyKDIUHX yHSCTKaX, C ^pyrOH CTOpOHbl, 
HyKJieOTM^Hbie nOCJieUOBaTCJIbHOCTH 3BOJHOUHOHHpyiOT C pa3J!H4HOH CKOpOCTbK). 
Moxcho CHMTaTb, hto nocjieuoBaTejibHOCTb HyKjieorauoB b flHK cjjHKcnpyeT co6bi- 
THfl 3BOJHOUHOHHOH HCTOpHH no pa3HbIM HacaM, KaXCZJbie H3 KOTOpbIX OTCHHTblBa- 

k)t CBoe BpeMH b co6ctbchhom TeMne (Anajia, Kanrep, 1988; Ayala, 1999). Kokuh- 
jx mm c H30cnopoH£HbiM tmiiom CTpoeHMH oouhct BCTpenaiOTCfl y npeucTaBHTejien 
ceM. Eimeriidae h Sarcocystidae. 3to yKa3biBaeT Ha o6mHOCTb npoHcxoxcueHHH 
3thx ceMeftcTB. H30cnoponuHbie kokuhuhh H3 ceM. Sarcocystidae b npouecce 3bo- 
jhouhh npHo6pejiH reiepoKceHHbie xH3HeHHbie uHKJibi, coxpaHHB HenpeMeHHO 
Heo6xo^HMbie juia paccejieHHH 3K3oreHHbie CTaunn — oouhc™. TaKHM o6pa30M, 
3K3oreHHbie CTaunn oouhct moxcho paccMaTpHBaTb KaK aHuecTpajibHbin npH3HaK. 
EcTecTBeHHbiH ot6op b 3tom cjiynae cbirpaji CTa6HjiH3HpyK)myK) pojib. Sbojuouhh 
HeKOTopbix 6HOJiorHHecKHX MOJieKyji npoxounjia c 6ojibixieH CKopocTbio, h mm bh- 
UHM, hto reHbi pH6ocoMajibHofl PHK y Bcex obojhouhohho npoziBHHyTbix npeucra- 
BHTejieH ceM. Sarcocystidae, b tom hhcjic y Isospora belli ,, L felis h I. suis, OBOJiionpo- 
BaJlH C OUHHaKOBOH HJIH 6JIH3KOH CKOpOCTbK) H CTajIH OTJIHHaTbCfl OT re HOB PHK 
npeztCTaBHTejieft ceM. Eimeriidae. 

TaKHM o6pa30M, OKa3ajiocb, hto H30cnoponuHbie kokuhuhh c reTepoKceHHbi- 
mh xcH3HeHHbiMH uHKJiaMH oTJiHHaioTCH ot cbohx npeuKOB He TOJibKO reTepoKceH- 
HOCTbK), HO TaKXCe H CTpyKTypOH reHOB PHK, coxpaHHB npn 3TOM 60 JIbllI 0 e cxou- 
ctbo b CTpoeHHH 3K3oreHHbix CTa^HH. B unarH03bi ceM. Eimeriidae h Sarcocystidae, 
nO-BH^HMOMy, MOXCHO BKJIKDHHTb 0 C 06 eHH 0 CTH CTpOeHHH OOUHCT, npH 3TOM yKa- 
3aB Ha hx yHHKajibHoe coneTaHne c upyrHMH npH3HaKaMH (reTepoKceHHOCTb h 
CTpyKTypa reHOB PHK). npOTHBOpeHHH MOJieKyjinpHOH (jjnjioreHHH He MoryT 6biTb 
pa3pemeHbi Ha ocHOBe ouhhx MOJieKyjinpHbix uaHHbix, cbcuchhh o MopcjjocjjyHK- 
UHOHajibHOH opraHH3auHH h B3aHMOoraomeHHHx b OKOCHCTeMe HBjiHKDTCH cyme- 
CTBeHHbiM KOMnoHeHTOM npn peKOHCTpyKUHH 3BOJiK)UHOHHbix npoueccoB h no- 
CTpOeHHH 4>MJIOreHeTHHeCKHX CHCTeM. 

Pa6oTa BbinojiHeHa npn cjjHHaHCOBOH nojmepxcKe POOH, rpam 

No 02-04-48584. 
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THE PROBLEMS OF EVOLUTION AND PHYLOGENY OF COCCIDIA WITH 
THE EIMERIORAN-TYPE AND ISOSPORAN-TYPE OOCYSTS 

M. V. Krylov, L. M. Belova 

Key words : coccidia, eimerioran-type, isosporan-type, evolution. 

SUMMARY 

The isosporan-type of oocysts is a later evolutionary purchase in comparison with the 
eimerioran-type construction of oocysts’. Identical number of sporocysts and sporozoits in the 
oocysts, bivalvular constructions of sporocysts, heteroxenous life cycles and endogenous 
sporulation in a group series of coccidia have arisen asynchronously and independently. The 
evolution of RNA genes and a type of oocysts construction was proceeded in different species 
of the isosporan-type coccidia and with different velocities. 
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